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EXECUTIVE SUMMARY

The Federal Aviation Administration (KA) evaluated several proposednd and Hold-Short
Opeation (LAHSO) lighting configuraions usinga flight simuldor. The configuraions are
designedto indicateto the pilot of a landingircraft the location of the hold-short pointhe
configurdaions, suggestad by various paticipants in an Internaiond Civil Aviation Organization
(ICAO) Visual Aids Panel workingroup meetingwere displagd for evaluatiorby experienced
B-727 captainsfrom U.S. air carriersand the RA. Each subject pilot flew approaches and
takeoffs under simulated visual ftigrules (VIR) weatherconditionsand completedevaluation
guestionnairesipon finishingeach goup of scenarios involving particular IAHSO lighting
configuration. In addition to subjective questionnaire responses, ardtaircraft performance
data,suchasspeed at touchdown, letingof rollout, etc., were recorded for subsequent aisaly
determine whether configiation differences influenced fhg performance.

The evaludion weas directed speifically towads identifying which lighting patern(s) would
effectively indicate to the pilot of a landingircraft the location ofthe hold-short point.
Configurations containinged in-pavement and elevated holdpmnt lights, alongwith pulsing
white in-pavement taxi-speed warning lights, wee dgermined to be most g@propride for
installationsutilizing control tower operation of the Iigs for each landingr takeoff. If air
traffic control does not control the IAHSO lights, the RA proposal of pulsingvhite in-
pavement ligts located at the hold-short point appeared to be most appropriate.

v/Vi



INTRODUCTION
PURPGEE.

In supportof the InternationalCivil Aviation Organization (ICAO), the Airport Technolog
Research and Development (B&Branch, AAR-410, at the dderal Aviation Administration
(FAA) William J. Hudhes Technical Center evaluated several Land and Hold-Short Opetion
(LAHSO) lighting configurations using flight simulator. The configurationsevaluatedncluded
proposals from the AA, the International Civil Aviation Orgnization (ICAO) Visual Aids
Panel (VAP) working group, and the International Ederation of Airline Pilots Association
(IFALPA).

This technical note describes the evaluation of the proposEI&O lighting configurationsand
presents the results obtainedonclusions are also included.

BACKGROUND.

LAHSO and the requirement for visual aids to suppaaghoperationshavebeenpresentedor

discussiorandaction at theCAO VAP working group meetingn Montreal, QuebecThe need
for a standard ligting configuration to clearlyand boldlyindicate the hold-shortpoint was
recoquiized, and a decision was made to evaluate proposédintig marking and sig

arrangements usinga flight simuldor. A resulting informaion pgper briefly staed the LAHSO

lighting system evaluation objective and requirements.

It is en opeationd requirement tha the lighting patern providea visud signd to thepilot tha
enablesthe aircraft to be operated safelyising normal landingand roll-out procedures.The
LAHSO lighting configuréion shdl aso be compaible with the requirements of ar traffic
control procedures and shall be useable under all visulal fliges (VRR) weather conditions.

To meetthe requrements, the United States (U.S) member of he ICAO VAP sugested he use

of an FAA prototype runwayhold-shortlighting system, since it had been tested and used in the
U.S. for a number of gars. Other CAO VAP membersfelt that the FAA systemdid not
adequatelyfulfill the needand offered a number of chaeg and additional components to
improve he sytem effeciveness.In al, a pta of six different configuraions, eachto include

the standard sigand markingarray were recommended.

Depictionsof thelighting configurationsproposedor testingare provided as figes 1 throuly 6.
Each lighting configuration was displagd with the standard sigand markingarray One
configuration consisted of ang and markingonly.

OBJECTIVE.

The evaludion weas directed speifically towads identifying which lighting patern(s) would
effectivelyindicate the location of the hold-short point to the pilot of a landirgyaft.
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DISCUSSON

Although the U.S. had earlier initiatedAHSO at commercial air carrier airports, it dnbt
recoquize the need for unique visual aids to support thae tyf operation until990. At that
time the Visual Aids R® group at the RA Technical Center was tasked widevelopingthe
necessaryunwaylighting configuration that would identifghe exact location of the hold-short
point to thelanding pilot. Various rel and white in-pavement lighting pdterns were initially
tested, usindpoth steadypurningand pulsingnodes of operationUltimately a pulsing arraypf
five high-intensity white inséd lights was instdled for in-sevice evaluaion & the Boston Logan
InternationalAirport. The useof redlightswas considered at first, but later discarded when Air
Traffic Control (ATC) requirements indicated tha pilots might, & times, beauthorizel to tai,
roll-out, or takeoff through a LAHSO sytem containinged lights. Since red ligts imply
stopping it would be undesirableto havepilots continue past such assgm. Technical Note
DOT/FAA/CT-TN91/43, “Prototype RunwayHold-Short lighting System,” describeghis effort
in ddail.

EVALUATION APPROACH

METHQOD.

To evaluate several differentAISHO lighting configurations, eperienced air carriepilots
conductedapproaches, landisg and takeoffs usinghe FAA Boeing 727 Hight Simulator
located at the Oklahoma Ci#yeronautical Center.The visualdisplay componentf the flig ht
simulaor was upgaded and cibrated to siquificantly enhance the lighting systan presentdion
and to beter suit it to visuhad evaluaions. The simulaor is equipped with an SP-1Ttexturized
dusk/nidnt visual displaywith a full ran@ of visual weather effects available.

PILOTS.

While the prdiminary test proedures and simulaor displgys were bang developed by FAA test
pilots andvisual guidanceengneers, industr-727 type-rated pilots from various airlines were
used in the final evaluationThe flight sessions were appiimately 2 1/2 hours in lerty, with
the subject pilot participatings Captain (Pilot-in-CommandBreaks were offered as necessary

A totd of 12 volunter subjet pilots paticipated from the following organizaions: American
Airlines, Fedeal Express, Ddta Airlines, Southwet Airlines, Continentd Airlines, United
Airlines, and the E&deral Aviation Administration.The averag total flicht hourswere9,818and
the averag B-727 flight hours were 3,036.

SCENARIOS.

Approximately 50% of the lkbnding operatons ncluded recgt of Automatic Terminal
Information Servic€ATIS) indicatingLAHSO in progess,alongwith theassociate@dppropriate
information. ATC clearances were issued via simulated radio transmissions and were
appropriatefor the specific operation beingvaluated, either land and hold short or full tbng
(available). At least 5% of landingperations were issued a noAHLSO ATIS accompanied by



a clearancestatingsimply “cleared to land” without mention of holdinghort when a lilgting
configuration intended for hold-short operations was present@dditionally, at least 5% of
hold-shortlanding clearances were issuel very late (on find approah bdween 1 axd 2 miles

from therunway threshold) with LAHSO onfiguration lights not illuminaed in someinstances

and illuminated in othersTakeoff scenarios were included to assess pilot reaction to the sudden
appearance of each diet five LAHSO lighting configuraions dumg the gkeoff roll.

Appropriate sigs and marking specified in CAO Annex 14 and RAA Advisory Circular
150/5340-18C were depicted (holdipgsition marking and mandatorgignson eachsideof the
runway) along with a Precision Approach Pathdicator (PAP) system for all configrations
evabuaed.

The scenario matrixs provided in table 1. Further proceduraldetails are provided in the
following Evaluation mplementation section.

Since all evaluations were conducted under simulated 7-mile visitmlitglitions the approaches
were flown manudly with the subjest pilot, acting as Ceptan in the left sest, complding the
landing visudly. A qudified test team membea occupied theright set in the simulaor and
performed such duties as would normélé/assiged to the first officer.

EVALUATION IMPLEMENTATION

GENERAL PROCEDURES

The volunteer sulgcts were nformed tat they were paiicipaing in an evalaion of LAHSO
visual aids, particularly lighting. Theywere not informed of what configations to egect on
each approach oakeoff butwere nhformed of he confguraion andpurposeof eachparicular
aid beingevaluated, i.e., the purpose of the white puldigbts for the specific evaluation
(wheter t's used as ati speed bar asithe|FALPA configuraions oranindicaion of theend
of available landinglistance as in theAA configuration).

Subjectpilots were brefed on &st procedures porr to each snulated flight sesson and gven an
opportunityto familiarize themselveswith the nature of the postflig questionnaire that they
were required to complete. Postflight questionnaireswere completed in the simulator
immediatelyafter eachlighting configuration was evaluatedTypical questionnaire forms are
shown in figires 7 and 8.



TABLE 1. SCENARIO MATRIX

Display (Configuration Clearance ATIS
Scenario Clear No Late NO
Number | 1 [ 2 3 4 5 6 [tolLand | H/S* H/S* LAHSO** | LAHSO** | T/O*** | Remarks
X X X X
2 X X X
3 X X X
4 X X X
5 X X X
8 X X X
6 X X X X
9 X X X
7 X X X X
10 X X T/O
11 X X X
12 X X X
15 X X X
13 X X X X
16 X X X
14 X X X X
17 X X T/O
18 X X X
19 X X X
20 X X T/O
21 X X X
22 X X X
25 X X X
23 X X X X
26 X X X
24 X X X X
27 X X T/O
28 X X X
29 X X X
30 X X T/O
* Hold short

** Land and holdshort opeaation
** T /O = Takeoff Scenario
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SIMULATED FLIGHT SESSION QUES IONNAIRE
LAHSO LIGHTING EVALUATION
APPROACH AND LANDING SCENARIOS

CONFIGURATION PRESENTED: “1”
VISIBILITY COND: VFR, 7-Mile Visibility

SUBJECT PLOT: DATE:

Pleaseplace a checkin the appropate square @ indicae the reltive effeciveness of his
lighting configuration in providinghe followingforms of giidance.

1. INDICATION THAT LAHSO ISIN USE:

Almost Absolutdy
Excellent (E) Good (G) Acceptable (A) Acceptble (AA) Unaccepble (U)

2. LOCATION OF THE HOID-SHORT ROINT:

Almost Absolutdy
Excellent (E) Good (G) Acceptable (A) Acceptble (AA) Unaccepble (U)

Please answer the followirigur questions fromagur exXperience.

3. DO YOU FEELTHAT THIS CONFIGURATION CAN REMAIN DISPLAYED EVEN
WHEN FULL RUNWAY LENGTH IS AVAILABLE FOR LANDING AND ROLLOUT?
(I.E., ATC NEED NOT TURN OFF FOR FULLENGTH LANDINGYS)

YES: NO:

IF NO, PLEASE EXPLAIN WHY NOT:

FIGURE 7. SAMPLE APPROACH/LANDING SCENARIO QUESTIONNAIRE
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4. AT WHAT POINT DURING YOUR ARPROACH/LANDING OFERATION DID YOU
FIRST ACQUIRE AND IDENTIFY THE LASHO LIGHTS?

LONG FNAL: SHORT MIAL: _ THRESHOD:___ TOUCHDOWN:

COMMENTS:

5. WASTHE ACQUISITION DISTANCE ADEQUATE TO EERMIT YOU TO UE
THE INFORMATION?

YES: NO:

COMMENTS:

COULD THE HOLD-SHORT LIGHTSPOSSIBLY BE CONFUED WITH ANY
OTHER EXISTING LIGHTING SYSTEMS ON THE AIRPORT?

YES: NO:

COMMENTS:

FIGURE 7. SAMPLE APPROACH/LANDING SCENARIO QUESTIONNAIRE (Continued)
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SIMULATED FLIGHT SESSION QUES IONNAIRE
LAHSO LIGHTING EVALUATION
TAKEOFF SCENARIOS

CONFIGURATION PRESENTED: “2”
VISIBILITY COND: VFR, 7-Mile Visibility

SUBJECT PLOT: DATE:

Please answe thefollowing questions, baring in mindthevisud LAHSO lighting configuration
just displaed duringyour simulded takeoff roll.

1. DID YOU EXPERIENCE ANY CONFU3ON OR BECOME CONCERNED WEN
UNEXPECTEDLY ENCOUNTERNG A DISPLAYED LAHSO LIGHTING
CONFIGURATION DURING THE TAKEOFF ROILL?

YES: NO:

IF YES, PIEASE EXPLAIN WHY:

2. IN YOUR ORNION, WOULD IT BE ACCEPFABLE FOR ATC TO NTENTIONALLY
LEAVE THE LAHSO LIGHTING CONFIGURATION DISPLAYED WHILE
CLEARING AIRCRAFT FOR TAKEOH-?

YES: NO:

IF NO, PLEASE EXPLAIN WHY NOT:

3. AT WHAT POINT IN THE TAKEOFF ROILL DID YOU NOTICE THE LAHSO
LIGHTS?

BEGINNING: HALFWAY: AT THE END

FIGURE 8. SAMPLE TAKEOFF SCENARIO QUESTIONNAIRE
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The folowing data were recorded for approaches:

Conspicuityrange (Number)

Adequacyof conspicuityrange (Rating

Touchdown point, velocitand deceleration rate (Number)

25-knot achievement point and avergmercentagof brakingused (Number)

ronE

Test team members were presenn the smulator cockpt during eachevauaion sesson to
record pefihentsubpctpilot comments. Theyalso noed anyuniqueoccurrencessuchasabrupt
maneuveringnd/or inadvertent crossimg the hold-short point.

In addition, subject pilots were informed that cockpit discussions and commentseivgrape
recorded to failitate subsgquent andysis. Identification of theparticipants is onfidential.

DATA COLLECTION AND ANALYSIS.

Datavariableswerecollectedat five samples per second and saved to disk files inAAésFoff-
line daa collection facility. Variables wllected duringthis LAHSO lighting system evaluation
included:

1—Test/Senaio Numbe

2—Indicaked Airspeed

3—Radio Altitude

4—O0On-Ground g

5—Ground Distance from Threshold
6—Ground Speed

7—25-Knot Achievement Point
8—Decetraton Rate

9—Averag Rercentge of Braking Used

The red-time dda files were saved automdically to disk files for laer retrieva and andysis.
Data collection was monitored to ensure proper acquisition.

To insure clear identification of each test run, adgit test number was usexh eachscenario
run. The number was formatted as follows:

11 00 030
Pilot number (01-12) Attempts Scenario number (001-030)

The test number was enteredthg operator ahe simulatorcontrol panelandwascollectedon
al data sanples s avariable.

14



WEATHER SMULATION.

Wesather simuldion wes established & 7-mile visibility with unlimited ceilings.

INITIAL AIRCRAFT CONDITIONS

Initial conditions were as follows:

Initial Conditions For Landing For Takeoff
Gross Waight 154,500 Ibs. 172,000 Ibs.
Center of Gravity 25% 25%
FuelFreere Set Set
Visud Contol CRT CRT
Visibility 7 miles 7 miles
Caling Unlimited Unlimited
Turbulence 8% 8%

PILOT OPERATING PROCEDURES

As previously disaussel, the simulaor test progam was aitomded as mud as possibleto

expeadite test runs ad ensurerepeatability with different test pilots.

The operator initiated each scenario from the simulator control paéftenanapproach/landing
scenario number was entered and activated, the aircraft was repositioned toda6pomirom

the runwaythreshold and appronately 100’ béow glide pah.

As soonasthe aircraft was stabilized at the approach position, the pilot established the following

initial conditions:

Stab Trim 5.5

EPR’s 15

First Officer Fight Direcor Disen@ged
Capt. Hight Director As desired
Auto Throttle As desired
Flaps 30°

Gear Down
Autopilot Disengaged
Spoilers Stowed
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When a takeoff scenario number was enteredaatistated the aircraft wasrepositionedat the
takeoff runwaythreshold. As soon as the aircraft was stabilized at the takeoff position, the pilot
established the followinmitial conditions:

Stab Trim 6.0

EPR’s 2.10/2.12
F.O. Hight Director Disen@aged
Capt. Hight Director As desired
Auto Throttle Disengaged
Flaps 15°

Gear Down

When the operatorwas readyto initiate the run, and the pilot concurred litfht Freeze” was
released and the pilot flew the visual approach or takeoff marasatlirected in the briefing

Test runs, from opetor initialization until test omplee, averaged gpproximately 3 minutes.
TEST RESUOS

SUMMARY AND ANAL YSIS OF QUESIONNAIRE RESFPONSES

The following section provides a complde summay of subjet pilot effectiveness ratings,
specific question answers, and evaluation comments on the hold-shargligonfigurations.
The summaryor each question is followed immediatddy an analgis of the subject responses
and comments for that question.

The sunmaries and angkes are arraregl n order of quesbns posed forhe landing scenarms,
followed bythose for he tkeoff scenans. Within each spetic quesion area, ranhgs, answers,
and comments are arradjin order of configration number (1 throig6).

Note: Questions 1 and 2 were configd to obtairsubjectpilot ratings on the effectivenes®f
each lidnting configuration. These questions did not request comments.

For convenience, the confication descriptions are repeated here:

Configuration

1 [Stahdard Markingand Sigiage
2 [EAA Proposal

3 VAP Proposal

4 ['Moblified VAP Proposal

5 [IFAILPA | Proposal

6 LTFAILPA Il Proposal

16



Landing Question 1—Data Summary

Pleaseplace a checkin the appropate square @ indicae the rektive effeciveness of his
lighting configuration in providinghe followingform of guidance:

INDICATION THAT LAHSO ISIN USE:

Configuration 1

Note: For configuration 1, which did not include any of the proposed lighting arrays, this

guestion was not included.

Configuration 2

Almost Absolutdy
Excellent (E) Good (G) Acceptable (A) Acceptble (AA) Unaccepble (U)
| 1 6 3 2 0
Configuration 3
Almost Absolutdy
Excellent (E) Good (G) Acceptable (A) Acceptble (AA) Unaccepble (U)
| 2 2 4 4 0
Configuration 4
Almost Absolutdy
Excellent (E) Good (G) Acceptable (A) Acceptble (AA) Unaccepble (U)
| 1 4 2 4 1 |
Configuration 5
Almost Absolutdy
Excellent (E) Good (G) Acceptable (A) Acceptble (AA) Unaccepble (U)
| 5 3 2 1 1
Configuration 6
Almost Absolutdy
Excellent (E) Good (G) Acceptable (A) Acceptble (AA) Unaccepble (U)
| 7 3 1 1 0
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Landing Question 1—Data Ana$is

HOW UNIQUE IS THIS CONFIGURATION FOR THE RJIRPOSE INTENDED?
Subject pilots showed a preference fdn order of preference)

Configuration 6 E =58%, G=25%, A=8%, AA=8%, U=0%
Configuration 5 E =42%, G=25%, A=17%, AA=8%, U=8%
Configuration 2 E =8%, G=50%, A=25%, AA=17%, U=0%

Configurations 6, 5, and 2 received an averagignent of “Good”effectivenesswhich wasthe
second higest of the five possible ratisthat could be selected.

Configuration 3 E =17%, G=17%, A=33%, AA=33%, U=0%
Configuration 4 E =8%, G=33%, A=17%, AA=33%, U=8%

The two configurations that displayed either steadypurning or flashingred lights only
(configurations3 and4) were judgd to have onlyadequate uniqueness, and in fact were thbug
to be only“almost adequate” (actualipadequate) by of the 12 subjectsThis lower rating of
the red-onlylighting configurations can most likelppe eylained by subsequensubjectpilot
commaents that frequently mentioned the possibility of confusingthese configurations with the
red end-of-runwayjighting system component.

Landing Question 2—Data Summary

Pleaseplace a checkin the appropate square @ indicae the rektive effeciveness of his
lighting configuration in providinghe followingform of guidance:

LOCATION OF THE HOID-SHORT ROINT:

Configuration 1

Almost Absolutdy
Excellent (E) Good (G) Acceptable (A) Acceptble (AA) Unaccepble (U)
| 0 | 0 | 2 | 8 | 2 |
Configuration 2
Almost Absolutdy
Excellent (E) Good (G) Acceptable (A) Acceptble (AA) Unaccepble (U)
| 2 | 6 | 4 | 0 | 0
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Configuration 3

Almost Absolutdy
Excellent (E) Good (G) Acceptable (A) Acceptble (AA) Unaccepble (U)
| 1 | 3 | 7 | 1 | 0
Configuration 4
Almost Absolutdy
Excellent (E) Good (G) Acceptable (A) Acceptble (AA) Unaccepble (U)
| 1 | 3 | A | 3 | 1
Configuration 5
Almost Absolutdy
Excellent (E) Good (G) Acceptable (A) Acceptble (AA) Unaccepble (U)
| 7 | 2 | 2 | 1 | 0 |
Configuration 6
Almost Absolutdy
Excellent (E) Good (G) Acceptable (A) Acceptble (AA) Unaccepble (U)
| 7 | 3 | 1 | 1 | 0

Landing Question 2—Data Ana$is

HOW EFFECTVE IS THIS CONFIGURATION AS A HOLD-SHORT LOCATION
IDENTIFIER?

Configuration 5 E =58%, G=17%, A=17%, AA=8%, U=0%
Configuration 6 E =58%, G=25%, A=8%, AA=8%, U=0%
Configuration 2 E =17%, G=50%, A=33%, AA=0%, U=0%

Configurations 5 and 6 were rated neatyual on this question, althdug sinde subjectdid rate
both of themas“Al most Acceptble” or, in other words, éss han accepble. Configuraion 2
was not rated quite as hiy as configirations 5 and overall, but alsowas not ratedlessthan
acceptble byanyof the subgcs.

Configuration 3 E =8%, G=25%, A=58%, AA=8%, U=0%
Configuration 4 E =8%, G=25%, A=33%, AA=25%, U=8%

The steadypurningred barrette (configration 3) was sligtly favoredovertheflashingredarray

(configuraton 4). In fact the flashng array(configuraion 4) was ydged as éss han accepble
as a locator by of the 12 subject pilots.
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The “sign and narking only” (configuraion 1) wasydged b be almostaccepéble by 8 of the 12
pilots (67%) and fet to be “absaltely unaccemble” by anoher 2 sulgcts (17%). Subsequent
comments supported this evaluation.

Landing Question 3—Data Summary

DO YOU FEELTHAT THIS CONFIGURATION CAN REMAIN DISPLAYED EVEN WHEN
THE FULL RUNWAY LENGTH IS AVAILABLE FOR LANDING AND ROLLOUT? (i.e.,
ATC need not turn off for full-lerty landing)

Configuration 1:

Note: This questionwas not included on the configuration 1 questionnaire since no LAHSO
lighting configuration was displayetgsic signs and markings only)

Configuration 2:

Yes: 5 No: 7

Comments

e Strondy prefer it be turned offl might ignore when shouldn’t.

e Toudher chote becausd’'s whie lights, notred—Iless aarmng to a plot.

e Do not provide what migt be an ambigpus sigal to a pilot.

e Should be turned off to preserve uniqueness.

e |t's adistraction in thelandingroll. Might looseimpect if left on dl the time.
= Distraction.

e (This) configuration—easyo determine distance remaining

e (Can kave on) ol becauseights are whie, notred.

e (Leaveon), butonly if the tower statestheywill be on. Concern is that the hgs will be at
different runwayremainingpoint (7).

Configuration 3:

Yes: 1 No: 11

20



Commets

e [I'll possiblythink it’'s the end of the runwagnd blow tires tmngto stop.
e White lights are more indicative of unique purpose than red.

e Possible confusion with red end-of-runwaghts.

e Red traditionallyneans don't g, stop, daner, etc.

 Red means end of runway

e Should be turned off to retain uniqueness.

e (Turn off) since it would require crews to roll thrduged lidhts, and ges counter tprevious
conditioning

e Redhold-short(H/S) lights, in conjunction with amber egelights, midit be confused with a
lighted overrun.

e Red appears as two ends of the runway

« Definitely like white better.Red means end of runwéy me.

e Configuration should age with clearance (don’t displayno H/S landiny

e Easyto see, eastp read.Red sense of uegcyinduced without problem with this stem.
e Might be confusion with end-of-runwdights.

* Could be confused with end-of-runwhghts.

Configuration 4:

Yes: 4 No: 8

Comments

* Red, and could be mistaken for runwagnd. Might cause me to hold-short because of
uncertainty.

e Can be confused with red end of runway

« Still don't like red lidhts, but blinkingoetter than steadyurning
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e | like the flashingeed. No doubt that there’s more runway

e (Leaveon) but blinkingred lights ae still distracting duringlandingmaneuver.
e Still adistraction duringlandingif not neded.

* Need consistencyConfiguration displagd should agee with the clearance.
e Causes confusion ato wheher | have H/S limitation.

e (I like) much more than the other (steduyningred).

Configuration 5:

Yes: 2 No: 10
Commeats

e Should be turned off due to potential for confusion and distractiéossibleunnecessary
maximum br&ing.

e Red across runwayeans end of runwag me.

e Gettingtwo pieces of information, red and whitehitg, to provide unique visual picture.
e |If full runwayavailable, Idon’t want anthing to provoke question in myind about it.

e Saw white (takspeed lignts) first. Thought theywere LAHS limit until saw two red bars.
e Itis uncomfortable to cross redhig, no matter whyDon't like white tax-speed ligpts.

» Sitill think should be turned offLack offlashingred lights make turnoff more needed.

e (Turn off) because have a regbroblemwith going throudh seadyburning red ights.

e Configuration with flashingred lights is better.

e Two rows—yu're left guessingvhich governs.

* Need to turn off.

e Configurdion leaves question mak as to landing clearance limitation.
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e Tha's anice little systan. White lights very usdul in judgng rate of dosurewith red H/S
lights.

e | want it turned off for unrestricted landig

e That one had me confuseBirst saw end-of-runwalghts as H/Sights. Thenthoudt white
lights were H/S (location), and finalperceived correct H/S (location) on landnagout.

e If you leave on all the time, possibiliby mistaking end-of-runwalights for hold-short(into
the woods).

Configuration 6:

Yes: 3 No._ 9

Commets

e Overpowering Demands, draws all attention to NMandates thatgqu stop.

e My assumption is that the red line across the rungvéyindicate the end of the runway

e Good information, but too busy

e Effectiveness would diminish with I'eave on” policy, dueto becoming usel to seing it al
thetime. Might even beaircraft on therunway.

e Configuraion must ditate same action dl the time.

e |It's a distraction.Don’t like two bar sgtems.

e Turn off if LAHSO is not in effect.

e Too stronga hold-short indication to be left on if H/S not required.

e You're goingto tryto hold short with theed ba thee, no madter wha the clearance.
e “We don't cross red liggs"—this would seem to be in opposition to that.

Landing Question 3—Data Ana$is

DO YOU FEELTHAT THIS CONFIGURATION CAN REMAIN DISPLAYED EVEN WHEN
FULL RUNWAY LENGTH IS AVAI LABLE FOR LANDING AND ROLLOUT?

Although none of the five lighting configurations received a majoritgf Yes responses, the
configurations havingnly pulsingor flashinglights (configurations 2 and 4) had the mostarly
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even (42%:58% and 33%:67% respectiyély’ and 4:8 respectivglgivision of Yes/No votes.
Thetwo configurations displayng both white and red ligs (configirations 5 and 6) and the red
steadyburningarray(configuration3) were jud@d to be virtuallyjunsuitable for such operational
use.

In general,however the subjectdelt strondy that it would be most undesirable to have holg-
short lichts displagd while full runwaylengh landing clearanceare being issued. Besides
beinga distraction, comments indicated that uniqueness wmilolst by allowing passag over
hold-short lidits. Several pilots compared thesehligto “stop-bar” lights, and indicatedthat
theyshould alwag mean the same thinthold short at this point."Severalcommentsndicated
that white lidhts would be more appropriate if thesegm would not be turned off féull-length
landings and stressedhe fact that red ligts are normallyassociated with an end-of-runway
situation. The feelingseemed to be that red is the best color for a didplég usedonly for
hold-short landing but certainlynot a suitable choice for unrestricted landing situatiohke
flashingred configiration seemed to be preferred|eststby inferencefrom commentspverthe
steadyburningred arraysince it was less like the end-of-runwaghts.

The multicolor configuraions wee notal a bang very distindive and uniquebut pehagps dso
promoting confusion as to the axt location of the hold-short pointSeveralpilots thoudt it
was overkill and a somewhat unnecessdnigysignal, especiallywhenthered-flashingelevated
side lihts were added (configation 6) to the dual-color array Comments on these
configurdions epressal asignificant aversion to rollingove any red lights.

Landing Question 4—Data Summary

AT WHAT POINT DURING YOUR ARPROACH/LANDING OFERATION DID YOU FIRST
ACQUIRE AND IDENTIFY THE LAHSO LIGHTS?

Note: No comments were received in connection with this question.

Configuration 1:

LongFinal:_ 1 Short Fnal;__ 2 Threshold: 1 Touchdown: 8

Configuration 2:

LongFinal__11 Short knal:__1 Threshold:_0 Touchdown: 0

Configuration 3:

LongFinal:__10 Short knal.__ 2 Threshold:_0 Touchdown: 0

Configuration 4:

LongFinal:_5 Short knal.__ 7 Threshold:_0 Touchdown: 0
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Configuration 5:

LongFinal:__10 Short knal.__ 2 Threshold:_0 Touchdown: 0

Configuration 6:

LongFinal__11 Short knal:__1 Threshold:_0 Touchdown: 0

Landing Question 4—Data Anadis

AT WHAT POINT DURING YOUR ARPROACH/LANDING OFERATION DID YOU FIRST
ACQUIRE AND IDENTIFY THE LAHSO LIGHTS?

Subjects wee asked to estimate the point, duringthe gpproach and landing maneuver, at which
they first acquired and identified the hold-shorthlig. In addition, the cockpiprojectobserver
also noted, durng each approachhé dstance neasunng equpment (DME) distance atwhich
the subject vocallyndicated that he saw the lits.

With the exception of the“signs aand making only’ configuraion (1), subject pilots estimated
their acquisitionandidentification point aseither longfinal or short final for all configrations.
Estimdes for configuraions 2, 3, 5, ad 6 were predominantly long find, while those for
configuration 4 (flashinged bar) were predominantihort final.

Estimaes of the acquisition/identification distance for configuréaion 1 induded 9 out of 12 tor
after threshold.

Recorded verbal calls of Igs provided averag acquisition/identificationDME-to-threshold
distances of:

Configuration 1—Data not obtained due to ndtig
Configuration 2—3.0 Nautical Miles
Configuration 3—3.4 Nautical Miles
Configuration 4—2.6 Nautical Miles
Configuration 5—3.5 Nautical Miles
Configuration 6—3.6 Nautical Miles

These two sets of results (estimates and recorded DME) appear to be nuutppéytingand
indicate that subjects had no trouble acquiramgl identifyng any of the hold-shortlighting
systems.

Landing Question 5—Data Summary

WAS THE ACQUISITION DISTANCE ADEQUATE TO REERMIT YOU TO UE THE
INFORMATION?
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Configuration 1:

Yes: 8 No: 4

Comments

* (Yes) Except when gu reallyneed the information (on R Mt disappears.
e Would like morethan signs.

e For first encounter, onlynargnal.

e Informaion not in timeto adjust gproah and landing

e (Yes) but marmpal.

e (Yes) but need more.

e Too lae

e Nothingto judge by.

e |I'm usingintersecting runwgy lights.

e Signs acquied onl because’in aware of he H/S operaton.

Configuration 2:

Yes: 12 No: O

(No comments were received for this coofigtion.)

Configuration 3:

Yes: 12 No: O

(No comments were received for this coofigtion.)

Configuration 4:

Yes: 11 No: 1

* Not Rally.

Configuration 5:

Yes: 12 No: O

(No comments were received for this coofigtion.)

Configuration 6:

Yes: 12 No: O

(No comments were received for this coofigtion.)
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Landing Question 5—Data Ana$is

WAS THE ACQUISITION DISTANCE ADEQUATE TO FERMIT YOU TO UE THE
INFORMATION?

Subject pilots were asked to indicate Wgs or No answers whethéhe acquisition and
identification rang provided byeach configration allowed sufficient time for them to ude
location informaion in seting up ther landing

Subjectswere unanimousl00% (12:0) in statingthat the rang of configurations 2, 3, 5, and 6
was sufficient for use. Configuration 4 (flashinged lights) wasjudged only slightly less
favorably 92%:8% (11:1), while the sng and markingonly configuration (1) was only
margnally acceptable 67%:33% (8:4) in visual acquisition/identificationeang

These results are completefyaccord with the results of the previous question and sufiport
conclusion that pilots feel theeedto acquireandidentify the hold-shortlighting configirationat
least duringhe short final portion of the approach.

Landing Question 6—Data Summary

COULD THE HOLD-SHORT LIGHTS POSSIBLY BE CONFUED WITH ANY OTHER
EXISTING LIGHTING SYSTEMS ON THE AIRPORT?

Configuration 1:

Note: This questionwas not included on the configuration 1 questionnaire since no LAHSO
lighting configuration was displayetgsic signs and markings only)

Configuration 2:

Yes: 2 No:_ 10
Commets
e Blinking light might be confused with vehicle on the runway

e White lights could be interpreted as eddights of other (intersectingrunway—a good
feaure.

e Flashing(lights) could be confused with strobes, REletc.

Configuration 3:

Yes: 10 No: 2
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Comments

e Onlyon longfinal, theytend to blend in with other Iigs.

e With red end-of-runwayights.

e Possible confusion with amber last 2,080¢ lights and end-of-runwaned lights.
e Red could be either hold-short or end of runway

e Being steady(burning, initially might be mistaken for end-of-runwdghts. When close,
moredistinguishale.

e End-of-runwaylights. (five subjects)

e Could possibly confusewith end-of-runwg lights if unfamiliar with arport. Additiond
airport reference {2vould clear this up.

Configuration 4:

Yes. 5 No. 7

Commets

e So dim ad simila to construdion lights.
e End-of-runwaylights. (two subjects)

e Could be ememncy or other vehicle.

e (No) Snce heyflash.

e With flashing mode, shouldnot be confused with end-of-runwdights. However not as
prominent.

e (Yes) but not as much as stedalyning

Configuration 5:

Yes: 7 No: 5

Comments

* Red end-of-runwalights. Possiblyuse alternatingolors (red/white, redglow, etc.).
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e Red LAHSO lights look like end-of-runwalights until close in.Onapproachtaxi-speedoar
lights could be thoug of as JAHSO (location) lidnts.

e Without red flashingeasier to mistake for end-of-runwiaghts.
e Steadyreds could be confused with end-of-runvigits.
e Red for end-of-runwalights. Two rows (bars) confusing

e Red lights acquired first, could then be confused with end-of-runkgdys. White lights
(acquired) later identified as hold-shorthig.

e Theymean the same thirag the end of runwaights).

Configuration 6:

Yes: 3 No:_ 9
Commaeants
e Might overpower, but not confuse.

e End-of-runwaylights. (two subjects)

e RedLAHSO lightsappeartrighterand sooner than end of runwdights), and thus mig be
mistaken for end-of-runwalghts.

Landing Question 6—Data Anadis

COULD THE HOLD-SHORT LIGHTS POSSIBLY BE CONFUED WITH ANY OTHER
EXISTING LIGHTING SYSTEM ON THE AIRPORT?

The pulsingwhite light configuration(2) andthe combined pulsing/hite and steadipurningred
with elevatedflashingred light configuration (6) were judged to be least likelyo be confused
with other airport lighting systems. Both configuraions recered favorabe raios of No o Yes
votes (83%17% and 75%:25%, 10:2rad 9:3 repectively) showing thapilots felt the possibility
of confusbnto below. The red fashng light configuraion 4 ato recered a redtively favorabé
response with more “no confusion” answers thas"y(58%:42%, 7:5).

More difficult to understands the fact that the other white/red comnifigtion (5), which differs
from configuration 6 only in not havingadditional red elevated flashirights, was not juded
nearlyso favorablyby the subjects.It would appear that the supplementéashingred lights
add considerablynore to the displathan one would gect. In fact,onesubjectmentionedhat
configuration 6 could possiblige mistaken for runwagnd lights were it not for the red flashing
lights. This is the onlydifference between configations 5 and 6.

29



Subjects were much less favorabiglined towardhe steadyburningred configuration(3), with
aratio of (83%)10 Yesto (17%) 2 No confusbn answers.The conments receved veryclearly
indicated tha the pilots were concerned with possibilitytha the lights @uld essily be misteken
for the red end-of-runwaljghts.

Takeoff Question 1—Data Summary

DID YOU EXPERIENCE ANY CONFUSON OR BECOME CONCERNEDWHEN
UNEXPECTEDLY ENCOUNTERNG A DISPLAYED LAHSO LIGHTING
CONFIGURATION DURING THE TAKEOFF ROIL?

Configuration 1:

Note: Since no LAHSO lighting was displayéagic signs and markings only)o takeoff
scenarios were conducted with configuration 1.

Configuration 2:

Yes: 4 No: 8

Comments

(No) But in real world Imight experience some concern.

e (Yes, because of) unpkained flashing light across m acive runway
e Blinking lights could be somethingn the runway

e Lights suddenlappearinglid cause a distraction.

e Confusion as to whthe lights came on durintakeoff roll.

e (No) But I don't like it.

e No concern with lipts. Didn’'t bother me.

Configuration 3:

Yes: 7 No:_ 5
Commaeants
e Because it was red and looked like the end of the runway

e Confusion with red ligts across myunway other than endf runway(i.e., two setsof end-
of-runwaylights).

e As takeoffroll startedredlights suddenlyappeared across niynwayand caused concern.

Almost aborted takeoff.
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e Those red ligts are terrible.If tower displag red lights, you would think that armbortis
necessaryAnother point for white ligts.

» | expectedlights, with (H/S) clearance for other aircraftStill don't like takingoff throudh
red lights.

e Both confused and concerned.
e Did not expect LAHSO lights to intrude into myisual picture.

e Required too much concentration to conclude th@HEO lights were not end-of-runway
lights.

e (No) but the landinglearance mention of landinigaffic did prompt concern—not the htg.

e (No) except late in the takeoff roll, concentrating on hold-short lipts raher than the end-of-
runwaylights.

Configuration 4:

Yes: 4 No: 7

Comments

Flashingred lights across runwaycreate confusion. Typically they indicate construction
areas.

e (No) However, it is a distraction that should be avoided.

e Couldn’t determine, at first, purpose oftlig.

e Thougt the lights were white, not redConfused me.

e Flashinglights, a lot ging on, can distract crew duririgkeoff.

Configuration 5:

Yes: 4 No: 8

Comments

e My impressionwas that the red Illgs were runwayend, especiallyappearingpast white
lights. This configiration more disconcertirthan previous others.

e Initial red, followed by immediately sighting white, identified systam right avay.
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e (Yes) becausedxpecta ckar runwayon keoff roll.

e Combinationof landingaircraft clearance heard and hold-shoftisgprompted inclination to
abort. Too much diversion of attention duritgakeoff.

e Flashinglights, in this case before angnding clearance heard, caused concern.
e | knew what it was from past pe&rience (previous runs in the simulator).

Configuration 6:

Yes: 4 No: 8

Comments

e (No) but because of repetitive simulator situatioMdight be concerned with isolated real-
world takeoffs.

e | knenv wha it was. System nice, but pehgps ovekill.
e |I'm getting used to IAHSO lights. (After 2 hours doind AHSO evaluations)

e Momentary hesitation over possibilitythat red ligits are end-of-runwayights (sligit
distraction).

e (No) but concerned about landintparance.
e White bar ¢aring It's a distraction gu don’t need.

e Flashinglights more disconcertinghan steadyburning and thus more likelyto induce
concern.

e For a second, thotag it was end-of-runwalights.

Takeoff Question 1—Data Analg

DID YOU EXPERIENCE ANY CONFUSON OR BECOME CONCERNEDWHEN
UNEXPECTEDLY ENCOUNTERNG A DISPLAYED LAHSO LIGHTING
CONFIGURATION DURING THE TAKEOFF ROIL?

Note: The lights were activated when the subject pilot’s takeoff speed reached approximately 40
knots. At aboutthe sametime, a simulated hold-short landing clearance was issued to an
imaginary aircraft on long final for the same runway.The clearance mentioned, as
traffic, another aircraft about to land on or depart the intersecting runway.
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Yesor No results for all lignting configurations exept that usingteadyburningred lights only
(configuration 3) were virtuallydentical, with No answers outnumberitige Yes answers by
2:1 ratio (8:4).For configuration 3, the ratio of No to Yes answers was 5:7.

Configurations 2, 5, and 6 No = 67%, Yes = 33%
Configuration 4 No = 58%. Yes = 33%, one abort with no answer
Configuration 3 No = 42%, Yes = 58%

The mgority of comments voied by the subjest pilots mentionad a distraction or unertainty
caused byudden appearance of thehligg Many indicatedthatthe periodduringthe takeoffroll
was no time to introduce chasgyto the visual scene; i.e., thesanted a clear takeoff runway
Somestded tha seeing any array with red lights in it might lead apilot to @ort thetakeoff.

Six instances of aborted takeoffs were encountered; fourawitfiguration4, andonewith each
of configuratons 5 and 6.In each mstance, howeverhe subgcts sated immediately that the
aborts were prompted byearingthe hold-short landinglearance for aaircraft on final rather
than bysuddenlyseeingthe LAHSO lights. The hold-shortclearancenentionedraffic aboutto
depart or land on the intersectinghway

Takeoff Question 2—Data Summary

IN YOUR ORNION, WOULD IT BE ACCEPMABLE FOR ATC TO NTENTIONALLY
LEAVE THE LAHSO LIGHTING CONFGURATION DISPLAYED WHILE CLEARING
AIRCRAFT FOR TAKEOH-?

Configuration 1:

Note: Since no LAHSO lighting was displaydahgic signs and markings onlypo takeoff
scenarios were conducted with configuration 1.

Configuration 2:

Yes: 5 No: 7

Comments

e (Yes) mape, and provided some information as thes situation is given (Automatic
Terminal Information Service (ATIS), et.)

e Creatingconfusion.

e Need lots of training Lights on onlyfor LAHSO landing. Must beturnedoff for takeoffs
and non-lIAHSO landing.

e (Yes) becauséhe LAHSO doesn’tapply to me (taking off).
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e Configuration should age with the clearance.
e | had no confusion.

e (Yes) if so sated bythe bwer. Not accepsble if runwayhump masks the end-of-runway
lights.

Configuration 3:

Yes: 1 No:_11

Commaeants

* (Yes) because it was red and looks like the end of the runway
e Possible confusion.

e (No) most definitely

e Question aises asto how mub runwgy realy remains for regjected takeoff. Don’t want white
either, but doesn’t cause as much confusion.

= Still believe it should be off to avoid distraction.
e (No) asolutdy.

e (Yes) but don’t turn on durintakeoff roll.

» Possible confusion with end-of-runwhghts.

e Might prompt rejected takeoff unnecessarily

Configuration 4:

Yes: 5 No: 6

Comments

(No) predicated on mwot beingtold to ighore them.

Red lihts = don't @. Also, red lights mimic end-of-runwayed lights.
(Yes) but onlyif ATI S contains hold-short mention.

(Yes) but onlyminimadly.
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Configuration 5:

Yes: 3 No: 9

Comments

e Confusion with other ligts, i.e., end of runway

e (No) because ¢éxpecta ckar runwayon keoff roll.

e Don't like theidea.

e (No) Absolutdy.

e Sitill think it's adistraction.

e Too much diversion of attention duritakeoft.

e (Yes) if hold-short operations noted on ATI

e Confusion about where end of runwiayand possible abort or over rotation.

Configuration 6:

Yes: 3 No: 9

Commets

e Additionally, would prove distractinguringabort for other reasons.

* Not without training Once Iknow what it means it doesn’t bother me.
e | wanta ckar runway

e | would prefer not.

e Lights should mandate an (identical) action eveng.

e Might be confused, in the real world, to see these hold-shbts lig

e Too much confusion and distractiomMight confuse with end-of-runwdights.

e | don't like lookingat that for takeoff. Takeoff the most critical maneuvePRilot mustbein
confident Go or No-Go mode.

Takeoff Question 2—Data Analg

IN YOUR OPINION, WOULD IT BE ACCEPTABLE FOR ATC TO IEAVE THE LAHSO
LIGHTING CONHGURATION DISPLAYED WHILE CLEARING AIRCRAFT FOR
TAKEOFF?
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Here a@in, subject pilot opinion strohg suggests that hold-short ligting configurations,
regardlessof color or characteristicsshould not be displag while pilots are excuting any
maneuver other than the basic hold-short approach and landimdact, theresultsof this
guestion concerninthe takeoff situation parallel almostaetly the results of landinguestion3,
which concerned the approach landsigiation.

Subjects were almost unanimou88%:8% (11:1) opposed to displag the steadypurning red
configuraion 3 & any time during takeoffs. They cited distraction and possibleconfusionwith
the red end-of-runwg lights, resulting in aorted tekeoffs, & the prindple reason for rejecting
the concept of leavinthe LAHSO lights on. Several subjects statédat white lights might be
more acceptable, as thslgould cause less confusion.

Opposition to other configations was somewhat less vehembuat still mostly negtive.

Opiniononthedisplayof the flashingred configiration (4) was almost evendivided 42%50%

(5:6), whiledisplay of the pulsingwhite only lighting configuration (2) was only somavha less
favorably considered with a Yes/No ratio of 42%:58%, 5:7Mhe remainingtwo pulsing

red/steadywhite configurations (5 and 6) were rejected even more slyonigh identical Yes/No
ratios of 25%:75%, 3:9.

Severalsubjectsalsocommentedhatthe displayof LAHSO lights duringtakeoffs midpt be less
objectionable if controllers (ATC) speifically mentioned why the lights wee beng turnel on
(i.e., for subsequent landisigand/or if mention of AHSO was included ithe ATIS providedto
departing pilots. Each pilot qudified this, howeer, with a stadement to theeffect tha they still
did not like the procedure.

A numberof subject pilots stressed that, astdjess of the configration selected as standard or
the mode of operation adopted, the issue of traiaimdjdissemination ofAHSO proceduress
paramount.

Takeoff Question 3—Data Summary

AT WHAT POINT DURING THE TAKEOFF ROILL DID YOU NOTICE THE LAHSO
LIGHTS?

Note: No comments were solicited or received in connection with this question.

Configuration 1:

Note: Since no LAHSO lighting was displaydahgic signs and markings onlypo takeoff
scenarios were conducted with configuration 1.

Configuration 2:

. Beginning__ 6 Halfway._ 6 Atthe End:_0
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Configuration 3:

. Beginning__8 Halfway._ 4 Atthe End:_0

Configuration 4:

. Beginning__7 Halfway._ 4 Atthe End:_0

Configuration 5:

. Beginning__ 9 Halfway.__ 3 Atthe End:_0

Configuration 6:

. Beginning__10 Halfway._ 2 Atthe End:_0

Takeoff Question 3—Data Analg

AT WHAT POINT IN THE TAKEOFF ROIL DID YOU NOTICE THE LAHSO LIGHTS?

Responseshowedthat virtually all of the subject pilots noticed the hgs just as soon as they
were illuminated, with opinion split ato wheher it hgppened & the beginning orat the middle
of the takeoff roll. In fact, most of the pilots used the term “end of blegnning’ as their
judgment of the distance involved, and their choice ofilm@gghalfway blocks to bechecked
appears to be inconsequentidlhe siguificant result ighatnoneof the subjectschecked‘at the
end” for the point of acquisition, indicatirtigat the lidnts were prominent and vempticeable.

OBJECTIVE DATA RESULTS—AIRCRAFT (PILOT) PERFORMANCE.

From the data recorded it was possibleto extract and to subsguently calculate the following
values for each approach:

Distance from the touchdown point to the hold-short point.
Distance from the hold-short point when 25 knots achieved.
Velocity (Speed) of aircraft at touchdown.

Rate of deceleration from touchdown point to 25-knot speed point.

PonE

Detalled data is provided, sord accordig to scenan and piot number, n table 2 on pag 42.
Only data collected oapproache$or which a hold-shortlandingclearancénadbeengivento the
subject pilot is included here in the bodif/the report. Average distances for valuek and 2
above were calculated and are presented below.
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SUMMARY AND ANAL YSIS OF RECORDED DATA

TOUCHDOWN/HOLD-SHORT POINT DISTANCE—DATA SUMMARY . The following
data averags are for distance from the touchdown point to the hold-short pbirgty are sorted
by scenario and ligting configuration.

Lighting Scenario Average Configuration
Configuration Number Distance (ft.) Averace (ft.)
Markings and 01 3667
Signs nly

02 3567

03 3575

All 3603
FAA Proposal 04 3567

05 3500

06 3756

07 3456

08 3867

09 4067

All 3702
VAP Proposal 11 3456

12 3650

13 3810

14 3320

15 3770

16 3820

All 3638
VAP Proposal 18 3620
(Modified) 19 3210

All 3415
IFALPA Proposal 21 3590
Number 1 22 3590

23 3860

24 3300

25 3800

26 3920

All 3678
IFALPA Proposal 28 3890
Number 2 29 3370

All 3630
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TOUCHDOWN/HOLD-SHORT POINT DISTANCE—DATA ANAL YSIS. Configurations are

ranked in order of decreasidgstances as follows:

FAA Proposal
IFALPA No. 1 Proposal
VAP Proposal
IFALPA No. 2 Proposal
Signs and Marking Only
Modified VAP Proposal

ok wnNnE

3,702 feet
3,678 feet
3,638 feet
3,630 feet
3,603 feet
3,415 feet (3,566 if corrected)

There is onlya variation of plus or minus 50 feet amahg first five configurations,which has
little to no significance from the pilot paformance aspect. If onesinde very questiondle daa
point for scenario 19 (a Modified VAP Proposal couofafion approach) is eliminated,would
changp the distance averagrom 3,415 feet to 3,566 feet as indicated in parentheses aliove.
still would not, howeer, change theorde of ranking.

25-KNOT/HOLD-SHORT ROINT DISTANCE—DATA SUMMARY . The following avera@s

arefor distancefrom the 25-knotpoint to the hold-short pointThey are sorted bgcenario and

lighting configuration.

Lighting Scenario
Configuration Number

Markings and 01
Signs Only 02
03
All

FAA Proposal 04
05
06
07
08
09
All

VAP Proposal 11
12
13
14
15
16
All

Average Configuration
Distance (ft.) Averace (ft.)

729
686
433

()]
=
(o]

633
420
800
967
650
878

~
N
o1

360
429
814
580
637
760

a
©
~
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Lighting Scenario
Configuration Number
VAP Proposal 18
(Modified) 19

All

IFALPA Proposal 21
Number 1 22
23
24
25
26
All

IFALPA Proposal 28
Number 2 29
All

Average
Distance (ft.)

Configuration
Averace (ft.)

500
780

500
533
725
833
614
300

820
640

640

730

25-KNOT/HOLD-SHORT FOINT DISTANCE—DATA ANAL YSIS. Here a@in with a range

of approxmately 140 among the various @nfigurdions, thee appears to belittle significance
from the pilot performanceaspect. Configurations are once more ranked in order of decreasing

distances as fobws:

IFALPA No. 2 Proposal
FAA Proposal
Modified VAP Proposal
Signs and Marking Only
VAP Proposal
IFALPA No. 1 Proposal

ok wnNE

TOUCHDOWN VELOCITY—DATA SUMMARY .

730 feet
725 feet
640 feet
616 feet
597 feet
584 feet

The following averags are speeds

(velocities) at the moment of touchdowhheyare sorted bgcenario and ligting configuration.
Due to problems with data &&ction, only touchdown speeds for the followingcenario

approaches were recoverable.

Lighting Scenaro
Configuration Number
Standard §ns 02
and Markings 03
FAA Proposal 08

09

Averag TD
Speed (kts)

Not Receved
Not Receved

143
140
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Lighting Scenaro Average TD

Configuration Number Speed (kts)
VAP Proposal 15 141

16 142
VAP Proposal 19 141
(Modified)
IFALPA Proposal 25 142
Number 1
IFALPA Proposal 29 141
Number 2

It shouldbe notedthat, while the averags shown above are veriose in value (140-143 knots),
individual touchdown speeds as recordeddgnario approach varied from 130 to 151 knots.

TOUCHDOWN VELOCITY—DATA ANAL YSIS. As mentioned earlier, the touchdown
speedsavera@d for each liditing configuration scenario set, are verjose in value (140-143
knots) independendf the lighting configuration displagd, indicatingthat the IAHSO lighting
configuration hadvery little affect uponpilot performance.It should also be noted that speeds
within a scenarioset showed a much wider variation, as is revealed tgtailed breakdown of
speeds attained lwarious pilots for scenario 16 (Modified VAP Proposal):

Pilot TouchdowrSpeed
1 136
2 130 (Lowest)
3 136
5 146
6 147
7 147
8 151 (Highest)
9 139
11 145
12 145

AIRCRAFT DECELERATION RATE—DATA SUMMARY. Individud scenaio daa is
provided in table 2.
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TABLE 2. DECELERATION RATE OFAIRCRAFT

Touchdown to IAS of 25 Knots

Test Number IAS Differerce Time Differerce | Knots Per Secord
Scerario 08 20008 106.6 24.5 4.35
30008 110.8 20.0 5.54
50008 119.8 26.0 4.61
60008 122.3 215 5.69
70008 119.8 21.0 5.70
80008 1254 225 5.57
90008 117.0 44.0 2.66
110008 118.6 19.5 6.08
120008 120.0 22.0 5.45
Average: 5.07
Scerario 09 10009 108.1 19.5 5.54
20009 104.5 19.5 5.36
30009 111.1 22.0 5.05
50009 121.6 24.5 4.96
70009 117.3 21.0 5.59
80009 119.4 23.5 5.08
90009 119.1 29.0 4.11
110009 117.4 20.0 5.87
120009 118.1 25.0 4.72
Averag: 5.14
Scerario 15 10015 110.2 20.5 5.38
20015 107.7 25.0 4.31
30015 109.2 21.0 5.20
50015 119.3 21.0 5.68
60015 121.5 21.0 5.79
70015 119.0 21.0 5.66
80015 119.5 29.0 4.12
90015 114.7 26.5 4.33
110015 119.5 20.0 5.98
120015 119.7 21.0 5.70
Average: 5.22
Scerario 16 10016 110.7 20.0 5.54
20016 105.3 19.0 5.54
30016 110.8 20.5 5.40
50016 121.1 255 4.75
60016 122.1 20.5 5.96
70016 1215 22.0 5.52
80016 126.3 255 4.95
90016 113.9 26.0 4.38
110016 119.9 19.5 6.15
120016 119.4 235 5.08
Average: 5.32
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TABLE 2. DECELERATION RATE OFAIRCRAFT (Continued)

Touchdown to IAS of 25 Knots

Test Number IAS Differerce Time Differerce | Knots Per Secord
Scerario 19 10019 110.5 28.5 3.88
20019 103.7 19.0 5.46
30019 114.1 20.0 571
50019 118.9 26.5 4.49
60019 121.7 22.0 5.53
70019 117.4 22.0 5.34
80019 118.3 19.5 6.07
90019 112.2 22.0 5.10
110019 119.2 19.5 6.11
Average: 5.29
Scerario 23 10023 107.7 20.0 5.89
20023 108.4 26.5 4.09
30023 107.7 18.5 5.82
50023 119.9 19.0 6.31
60023 121.8 21.0 5.80
70023 120.7 20.5 5.89
90023 117.8 25.0 4.71
110023 115.2 18.5 6.22
120023 117.4 235 4.99
Average: 5.52
Scerario 25 10025 106.6 19.5 5.58
20025 107.8 24.5 4.40
30025 111.8 20.0 5.59
50025 118.5 18.5 6.30
60025 120.0 21.0 571
70025 120.9 20.0 6.04
80025 126.9 27.0 4.70
90025 119.0 27.0 4.40
110025 118.7 21.0 5.65
120025 117.2 21.0 5.58
Average: 5.40
Scerario 29 10029 108.8 19.5 6.22
20029 109.9 24.5 4.49
30029 1104 21.5 5.13
50029 116.7 16.5 6.42
70029 119.1 19.5 6.11
80029 120.1 33.5 3.59
90029 119.3 24.0 4.97
110029 116.6 20.0 5.93
120029 120.4 255 4.72
Average: 5.28
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OBJECTIVE DATA ANAL YSIS CONSDERATIONS

Analyzing the collected data to determine the relative effectivenesbegbroposedLAHSO
lighting configurations presents somewhat of a problemhll of the data reflects pilot
performance and the manner in which hecexedthe approachlanding androllout maneuver.
Assumng that all other facbrs renain consént, the characeristics of eachindividual lighting
configuration should influence the efficienayith which the pilot bring theaircraftto a stop,or
fails to stop, at the required locatiofT.his is to sayhat the most effective arrapould allow for

a neary uniform deceératon o a snooth sbp ator beforethe hold-shortpoint. Visualguidance
providedby aninadequaterraycould, conversely result in a less uniform deceleration and, in
the extreme case, a violation of the runwaga supposedfyrotected byhe hold-short stem.

Unfortunately all of the other factors do not remain constdritot techniquessuchasselection
of a desiredapproachspeed,adherence to the desired (PAptojected) approach path, and
execution of the final flare for landingvill dramaticallyaffect the controinputs(brakingaction,
spoiler deploynent, reverse thrust application, etc.) used to hitvegaircraft to a stop itime.
These addional variables are ntroduced nobnly due b the ndividual preference oéachpilot,
buteven as vaations n each gdot's perfornance on consedwe approache® the sane lighting
configuration.

As an eample, the project member actiag first officer throulgout theevaluationobservedhat
approacltspeedwaried sigificantly from pilot to pilot. While a speed of Vref + 10 knots (135 +
10 knots) was recommended initiatty each subject, based on simulated aircraft htgjgome
pilots consistentlysed onlyref (135 knots) whilethersjust asconsistentlyusedhigherspeeds
(150+ knots) than that sgested. The resultant higer or lower touchdowrelocitiesmust, of
course, drasticallgffect the rollout distances and/or brakamion necessary

Further, and agn as observed repeatedby the right seat project membethe landing
techniques usal duringthelast portion (@proxmately onehdf mile) of theapproach and during
the flare varied consderaby from pilot to pilot and even b&teen approaches thithe sane
lighting array and pilot.

Somepilots flew thefinal approah segment somevha low (3 red/1 whitePAPI signd) soasto
performanoticeablé’duck under’maneuveprior to touchdown in anticipation of having stop
at the hold-short point.Touchingdown early theyhad little trouble stopping intime. Others
crossedhe runwaythresholdon glide path (2 red/2 white PARignal), but then flared to ¢and
the touchdowndistanceconsiderably with a resultant loss of runwagistance available for
rollout before reachng the hold-short point. They, of course, hadot apply heaver braking
applicationto stop in time. Occasional hig final approaches (1 red/3 white PABiphal)
likewise resulted in heavier brakigd lon@r thrust reversal applications.

While noneof the pilot techniquevariationswere so etteme as to prevent stoppitige aircraft
prior to the hold-short point, with two egptions thesepiloting techniquedifferencesmay well

have affeced the daa (distances, decekratons, et.) more han anydifferences m LAHSO

lighting configurations.
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CONCLUSIONS

From the results of this simulator evaluation, we can conclude that:

Pilot opinionsupportghe use of configrations containinghe dual takspeed and hold-short
light bar combinations if the AHSO lights are only displayed during landand hold-short
landings.

The configuraion contaning only white pulsinglights will provideadequée identification of

the hold-short point with théeast possibility of misintepretation if the LAHSO lights are to

be displayed duringfull length landing and routine takeoffs in addition to land and hold-
short landing.
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